During 4 months (November 2010-March 2011) of an outbreak of hepatitis E virus (HEV), 39 pregnant women presented at Port Sudan Hospital, Sudan, with various symptoms of viral hepatitis. The diagnosis of viral hepatitis was confirmed by serology using ELISA anti-HEV IgG and IgM. The mean (SD) maternal age and gestational age were 24.0 (4.2) years and 33.6 (3.7) weeks, respectively. Eight (20.5%) women were primigravidae. There were 11 (28.2%) maternal deaths, 14 (36.0%) intrauterine fetal deaths, and eight (20.5%) cases of postpartum haemorrhage. There were nine (23.0%) cases of preterm (,37 weeks of gestation) deliveries. Fulminant hepatitis with hepatic encephalopathy was the most common cause of death among these patients. Nine of these women died before delivery and the other two died immediately following the delivery due to severe haemorrhage. There were no significant differences in clinical and biochemical data between the women who died (11) and those who survived.
Introduction
Hepatitis E virus (HEV) is a major public health problem, especially in resource limited countries. In an annual estimate in 2005, there had been 20.1 million HEV infections, resulting in 70 000 deaths and 3000 intrauterine fetal deaths, and a possibility of 0.019 and 0.198 mortality in symptomatic illness for non-pregnant and pregnant patients, respectively. 1 HEV infections can occur either in the form of epidemics or sporadic cases. 2 Epidemics of HEV have been reported in African countries, including Sudan, Ethiopia, Somalia, Chad, the Democratic Republic of the Congo, and Uganda. [3] [4] [5] [6] HEV infection in pregnancy can progress to fulminant hepatitis with a high mortality rate among pregnant women. [7] [8] [9] A recent study showed that pregnant Indian women with acute hepatitis E virus infection had a three times higher relative risk for fulminant hepatic failure and a six times higher risk for mortality.
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While there is much published literature on HEV infection during pregnancy from other African countries, 11, 12 there are few published data on HEV infection during pregnancy in Sudan. 13, 14 The current study was conducted to investigate the epidemiology, and maternal and perinatal outcomes of HEV infection among pregnant women at Port Sudan Hospital, Eastern Sudan to provide a better understanding of maternal and perinatal outcomes of communicable diseases in general, as well as viral hepatitis, during pregnancy in this region of Sudan. 14, 15 Information obtained from this study could be useful for preventative measures and adding to the information of previous different epidemics and outbreaks in Sudan. 16, 17 Patients and Methods 
Statistical analysis
Data were entered in a computer using SPSS for Windows version 16.0. Means and proportions were compared by the Student's t-test and the Chi-squared test, respectively. P,0.05 was regarded as significant.
Ethics
This was a retrospective study in which the data of the patients were analysed anonymously and no new personal data were required. The study was approved by the local ethical board of the institution.
Results
During the 4 months of the HEV epidemic, 39 pregnant women presented at the hospital with various symptoms, including fever, headache, epigastric pain, nausea, vomiting, itching, and jaundice. The mean (SD) maternal age and gestational age were 24.0 (4.2) years and 33.6 (3.7) weeks, respectively (Table 1) . Eight (20.5%) women were primigravidae and the majority (33; 84.6%) of women were rural residents. There were 11 (28.2%) maternal deaths, 14 (36.0%) intrauterine fetal deaths, and eight (20.5%) cases of postpartum haemorrhage. There were nine (23.0%) cases of preterm (,37 weeks of gestation) deliveries. Fulminant hepatitis with hepatic encephalopathy was the most common cause of death among these patients. Nine of these women died before delivery and the other two died immediately following the delivery due to severe haemorrhage. There were no significant differences in the clinical and biochemical data between the women who died (11) and those who survived (Table 1 ). The mean (SD) of patients stay in the hospital was 6.3 (2.7) days. These women had no other infections, e.g. malaria.
Discussion
In the current study, the main findings were a high maternal mortality and intrauterine fetal death from HEV. Recent reports have shown that there are three maternal deaths out of eight cases of HEV infection among pregnant women in Khartoum, Sudan.
14 In
Darfur, Western Sudan, a case to fatality ratio of 17.8% was found in HEV outbreak, with a ratio of 31.1% among pregnant women. 13 In neighbouring Ethiopia, while none of the 423 men with hepatitis developed fulminant hepatic failure or died, 3 19 pregnant women had acute HEV infection and there were eight maternal deaths and six fetal deaths during an epidemic. 18 A high maternal mortality rate in the range of 30-45%, [19] [20] [21] or even as high as 70%, 22 has been reported among HEV-infected pregnant women. There are no published data on the maternal mortality in Port Sudan. However, in the nearby state (Kassala), there is a high maternal mortality (713.6/ 100 000 live births) and acute febrile illness (9.4%) is among the common causes of maternal mortality in Kassala in the Eastern Sudan. 23 We found six out of 39 fetal deaths in the current study. HEV infection during pregnancy has also been reported to be associated with premature delivery, low birth weight, and an increased risk of perinatal death. 10, 21 In the current study, as well as another study in Ethiopia, 18 clinical and biochemical features (aminotransferase and bilirubin levels) were not different between women who died and those who survived. The severe course of HEV infection during pregnancy might be due to host factors, such as malnutrition, diminished cellular immunity, and high levels of steroid hormones during pregnancy. 24 HEV genotypes are another important factor (which was not investigated in the current study) that might influence the severity of infection (e.g. genotypes 3 and 4 are less virulent, while genotype 1 is more pathogenic), and this might explain the severity of HEV infection in India. 25, 26 In a recent report from India, over half of the cases of viral hepatitis in pregnant women were due to hepatitis E infection. Fulminant hepatic failure was more common among HEV-infected women who were at higher risk than non-HEV infected women. Additionally, maternal mortality secondary to fulminant hepatic failure was also higher in the HEV infected group. 10 In contrast, in Egypt, while there is a high prevalence of anti-HEV, severe HEV and severe acute viral hepatitis in pregnant women have not been reported. 9 HEV infection represents an important public health concern in many developing countries, where it is primarily transmitted through the orofecal route due to inadequate sanitary conditions and contaminated water supplies. [27] [28] [29] Recent evidence indicates that HEV is a zoonotic disease, which has raised potential public health concerns. 28 In the absence of outbreaks, the HEV prevalence is 4.4% in Ghana, 14.0% in Burundi, 15.3% in South Africa, and 67.7% in Egypt, with a seroprevalence of up to 84.3% among pregnant Egyptian women. 9, [30] [31] [32] The clinical features and outcomes in the current study and in a previous report from Darfur, Sudan 13 reflect the features during an outbreak of HEV. HEV may be widespread among pregnant women in Sudan and it may circulate in the general population. Therefore, a population-based study to confirm or exclude this speculation is urgently required. In addition, the sanitary conditions under which pregnant women live and work need to be improved.
